A deteriorating inventory model using time-value of money with price dependent declined quadratic demand is developed for a deterministic inventory system. This study applied the discounted cash flows (DCF) approach for problem analysis. The objective of this model is to maximize the net present value profit so as to determine the optimal time period and order quantity. The numerical analysis shows that an appropriate policy can benefit the retailer and that policy is important, especially for deteriorating items. Finally, sensitivity analysis of opti-
Introduction
Inventory modelling is an important part of operations research, which may be used in variety of problems. To make it applicable in real life situation researchers are engaged in modifying existing models on different parameters under various circumstances. Inventories play a major role in the united stages economy and have been in excess of 22% of the nation's gross national product over the past few decades. As millions of dollars are tied up in inventories, proper management of these inventories can prove to be very profitable. A major concern of inventory management is to know when and how much to order or manufacture so that the total cost per unit time is minimized. The total cost consists of carrying, shortage, replenishment or setup cost and the purchase or production cost. Usually the time value of money is not considered explicitly in analysing inventory systems, although the cost of capital tried up in inventories is included in the carrying cost. Most of the literature on inventory control and production planning has dealt with the assumption that the demand for product will continue infinitely in the future either in a deterministic or in a stochastic fashion. This assumption does not always hold true. Inventory management plays a significant role for production system in business since it can help companies reach the goal of ensuring prompt delivery, avoiding shortages, helping sales at competitive prices and so forth for achieving competitive advantage in the globe. However, excessive simplification of assumptions results in mathematical models that do not represent the inventory situation to be analyzed.
The classical analysis builds a model of an inventory system and calculates the EOQ which minimize the costs satisfying minimization criterion. One of the unrealistic assumption is that items stocked preserve their physical characteristics during their stay in inventory for long run. Items in stock are subject to many possible risks, e.g. damage, spoilage, dryness, vaporization etc., those results decrease of usefulness of the original one and a cost is incurred to account for such risks of the product.
The problem of deteriorating inventory has received considerable attention in recent years. This is a realistic trend since most products such as medicine, diary products and chemicals starts to deteriorate once they are produced.
Most researches in inventory do not consider the time-value of money. This is unrealistic, since the resource of an enterprise depends vary much on when it is used and this is highly correlated to the return of investment. Therefore, taking into account the time-value of money should be critical especially when investment and forecasting are considered. Wee (2001) developed a replenishment policy for items with a price-dependent demand and a varying rate of deterioration. Sarkar et al. (1994) assumed a finite replenishment model and analysed the effects of inflation and time-value of money on order quantity when shortages and allowed. Hariga (1995) extended the study to analyze the effect in inflation and time-value of money of an inventory model with time-dependant demand rate and shortages. Bose et al. (1993) proposed a simple economic order quantity for inventory with a short and stochastic life time. Their approach was performed in the framework of the total discounted cost criterion. Pattnaik (2011), (2012) and (2013) derived different types of deterministic inventory models for deteriorating items in finite horizon.
The objective of this paper is to maximize the net present-value profit so as to determine the optimal period and order quantity by using time-value of money and price dependent declined quadratic demand allowing shortages. Replenishment decision during planning horizon due to deterioration for maximizing the net present value profit in response to change the market demand and is also considered. Controlling the demand of customer through manipulation of selling price for maximizing total net value profit. The major assumptions used in the above research article summarized in Table- 1. The remainder of paper organized in section 2 is assumptions and notations for development of the model. The mathematical model is developed in section 3. Optimization is given in section 4. Numerical example is presented to illustrate the development of model in section 5. The sensitivity analysis carried out in section 6 to observe the changes in optimal solution. Finally section 7 deal with conclusion. 
2
Assumption and Notation  The distribution of time until deterioration the item follows a tow-parameter Weibull distribution.  Deterioration occurs as soon as the items received into inventory.  There is no replacement or repair of deteriorating items during the period under consideration.  The demand rate is a decreasing quadratic function of selling price.  The replenishment rate is instantaneous; the order quantity and the replenishment cycle is same for each period.  The system operates for a prescribed period of a planning horizon.  Shortages are completely back ordered.  The order quantity, inventory level, replenishment epoch and demand are treated as continuous variables while the number of replenishments is restricted to an integer variable.  Continuous cost compounding is implemented throughout the analysis.  Product transactions are followed by instantaneous cash flow.
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Mathematical Model
The changes in inventory level against time are depicted in Fig. 1 .
Fig. 1 The Inventory system when shortage is allowed.
The first replenishment lot size of Im is replenished at t=0. During the period 1 T , the inventory level decreases due to demand an deterioration until it is zero at
, shortages occurred are accumulated until T t  before they are backordered. The inventory system at any time t can therefore be represented by the following equations.
The first-order differential equation can be solved by using the boundary conditions
, one can derive from (4) the maximum inventory level as
Assuming a very small  value 
The total cost in this model includes the replenishment cost, material cost, holding cost and shortage cost. The objective is to maximize the total profit when the time-value of money with compounding interest rate is considered. The detailed analysis of each cost function is given below.
Present -Value Sales Profit
During the period T 1 , the replenished inventory is being consumed due to demand and deterioration. At 
Present-Value Ordering Cost
Since replenishment is each cycle is done at the start of each cycle, the present-value replenishment cost is 
Present-value shortage cost
The maximum shortage level
be completely backordered at T. The present value shortage cost for the period is 
Present-value item cost
Replenishment is done at t=0 and T; the replenishment items are consumed by demand as deterioration during 1 T . The present-value cost, Cp, therefore includes item cost and deterioration cost, one has
Assuming very small  and r values (see above) the approximate solution is found by neglecting the second and higher order terms of  and r and the terms containing  r. Consequently,
The first cycle present-value net profit is
There are N cycles during the planning horizon. Some inventory is assumed to start and end at zero, an extra replenishment at T=H is required to satisfy the back orders of the last cycle in the planning horizon. Therefore, the total number of replenishment = N+1 times; the first replenishment lot are = Im and the 2 nd , 3 rd , N th replenishment lot size (16) and the last or (N+1)
The time-value of money affects all the replenishment periods and therefore must be considered separately, the total net present-value profit for the planning horizon is 
Model Analysis
The following heuristic technique is derived the optimal S, T 1 and N values;
Step 1:Start by choosing a discrete variable N, where N is any integer number equal or greater than 1; Step 2:Take the partial derivatives of 
and any one of the following
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Since the total net present-value profit for the planning horizon  is a very complicated function due to high-power expression of the exponential function, it is not possible to show analytically the validity of the above sufficient conditions, a search procedure is used instead. The computation al results are show in the following illustrative example.
Numerical Examples
Optimal replenishment and pricing policies for the maximum presentvalue profit may be derived by using the methodology given in the preceding sections; this will help managers to improve their replenishment and pricing decisions. The replenishment cost, c 1 is $80/order, the annual inventory cost c 2 is $0.6/unit/year, the annual shortage cost c 3 is $1.4/unit/year. The unit item cost c is $5/unit, the scale and the shape parameters of the deterioration rate are  =0.05 and  =1.5 respectively. The annual interest rate, r is 0.08, the yearly demand rate d(s) is 1000-4S-S 2 unit/year and the planning horizon, H is 10 years. For the given data the total net value profit for the planning horizon  is are less from the compared model. Fig.2 represents the relationship between the unit selling price S and declined quadratic demand rate d(S). Similarly Fig. 3 depicts the mesh plot of T, T 1 and total present value profit  . 
Table -2 Optimal Values of the Proposed Model
Model Iteratio n N S T 1 T d(s) Q Profit =  Quadrati c d(
Conclusion
In this paper, an EPQ model is introduced which investigates the optimal replenishment quantity. Unit selling price, replenishment cycle, time with positive invention the total value net profit with finite planning horizon for deteriorating items. The model considers the impact of price dependant quadratic demand, and shortages and varying rate of deterioration. The model can be used for electronics and other luxury products which are more likely to have the above characteristics. This paper provides a useful property for finding the optimal net present value profit with finite planning horizon for deteriorating items. A new mathematical model with decline quadratic demand is developed and compared to the other EPQ model with decline linear demand and numerically. The economic replenishment quantity Q * and net present value profit *  for the present model were found to be more than that of the compared model respectively. Hence the utilization of selling price dependent declined quadratic demand makes the scope of application broader. Lingo 13.0 version software is used to derive the optimal number of replenishment and unit price to maximize the total present value net profit. Further, a numerical example is presented to illustrate the theoretical results, and some observations are obtained from sensitivity analysis with respect to the major parameters controlling the market demand through the manipulation of selling price is an important strategy for increasing profit. This can be achieved by using the joint optimal replenishment and pricing strategy developed in this study. In the future study, it is hoped further incorporate the proposed model into several situations such as stochastic market demand, fuzzy decision parameters, partial back logging, and selling price.
